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ABSTRACT 


During  the  summer  of  1971*,  we  sampled  ^5  sites  of 
vegetation  representative  of  successional  trends  in  plant 
communities  along  the  Missouri  River  floodplain  from  Sioux 
City,  Iowa,  to  Rulo,  Nebraska.  The  objective  was  to  relate 
vegetation  succession  to  age  of  river  stabilization  structures. 
Basal  area  and  density  data  were  collected  for  the  tree 
species  present  and  coverage  and  frequency  data  for  all 
shrub  and  herbaceous  species  present  in  each  site  studied. 

Each  site  was  then  assigned  to  one  of  five  distinct  com¬ 
munity  types  which  were  related  to  one  another  in  a  succes¬ 
sional  scheme.  These  community  types  listed  from  youngest 
to  oldest  are  as  follows:  Sallx-dominated .  Pcpulus-domlnat ed , 
Platanus-Ulmus-domlnated ,  Tllla-Quercus-domlnated,  and  Quercus- 
Carya-dominated  vegetation.  The  construction  dates  of  the 
stabilization  structures  adjacent  to  the  sites  studied 
provided  an  accurate  and  quite  precise  method  of  dating 
the  sites. ^ 

We  found  that  the  initial  stages  of  floodplain  forest 
succession  in  our  region  always  begins  with  Sallx  spp. 

(willows)  and  Populus  deltoldes  (cottonwood).  Early  her¬ 
baceous  vegetation  has  little  or  no  significance  in  the 
future  course  of  succession.  After  approximately  18  years, 
Populus  deltoldes  (cottonwood)  predominates  over  Sallx  spp. 
(willows)  in  the  tree  union.  During  this  same  time  period, 
the  first  shrub  species  begin  to  appear  in  the  sites. 

Ulmus  rubra  (slippery  elm),  Celtls  occldentalls  (hackberry), 
and  Platanua  occldentalls  (sycamore)  and  other  mesophytlc 


deciduous  tree  species  begin  to  appear  and  later  replace 
Populus  deltoides  (cottonwood)  which  is  not  found  repro¬ 
ducing  after  its  initial  invasion  of  the  barren  substrate. 
These  communities  are  in  turn  replaced  by  a  Tllla-Quercus- 
dominated  community  or  a  Quercus-Carya-dominated  community. 

In  the  early  Salix  communities  only  the  tree  union 
is  well  developed,  but  in  the  later  Salix  communities  a  new 
herbaceous  union  is  formed.  In  the  Populus-domlnated  com¬ 
munities  there  is  the  development  of  a  Cornus  stolonlfera 
(red  osier  dogwood)  union.  In  the  more  mature  communities 
there  is  the  formation  of  an  additional  shrub  union  dominated 
by  Symphorlcarpos  occidentalls  (wolfberry)  and  by  Ribes 
mlssouriense  (gooseberry).  The  mature  floodplain  communities 
are  more  diverse  and  have  more  species  than  the  younger 
Salix  or  Populus  dominated  communities. 

Results  of  the  soils  analyses  were  varied  for  the  45 
sites  and  we  found  few  relationships  between  soil  charac¬ 
teristics  and  plant  communities,  probably  as  a  result  of 
immature  soils  exhibiting  parent  material  characteristics. 
However,  there  was  a  tendency  for  soils  in  the  mature  flood- 
plain  comminities  to  have  a  higher  clay  content  and  greater 
amounts  of  nitrogen  and  organic  matter.  This  is  due  to 
greater  influence  on  the  soils  from  biota  and  time  both  of 
which  alter  the  soils  characteristics. 

The  technique  of  relating  vegetation  succession  to  age 
of  river  stabilization  structures  was  found  to  be  useful 
and  offered  a  quite  precise  method  of  developing  a  time 
scale  of  vegetation  development.  The  technique  should  be 


valuable  in  studies  of  land  management  requiring  an  ecological 
basis. 


INTRODUCTION 


Floodplain  communities  normally  develop  in  a  relatively 
unstable  environment,  since  the  floodplain  is  by  definition 
that  portion  of  a  river  bank  which  is  subjected  to  flooding. 
Channelization  and  stabilization  of  the  Missouri  River 
coupled  with  the  construction  and  operation  of  the  mainstream 
Missouri  River  reservoir  system  has  practically  eliminated 
downstream  flooding,  altered  the  nature  of  the  river  flow, 
and  enabled  more  extensive  utilization  of  the  floodplain  for 
farming  which  has  reduced  the  floodplain  forest  along  the 
channelized  portion  of  the  Missouri  River. 

Most  previous  floodplain  studies  have  been  done  within 
the  Eastern  Deciduous  forest  formation  (Burgess  et_  a]L.  1973) 
and  indicate  considerable  similarity  in  both  vegetational 
and  successional  characteristics  of  floodplain  forests  in 
various  regions.  However  very  little  ecologic  research  has 
been  done  on  the  forest  vegetation  of  the  Missouri  River 
basin,  and  the  area  should  be  studied  to  provide  a  permanent 
record  of  a  vanishing  phenomenon.  Additionally,  basic  ecologic 
data  will  be  valuable  in  assessing  the  effects  of  management 
practices  on  these  forest  remnants  (Lawrey  et_  al_.  1973)* 

Cowles  (1901)  reported  excellent  growth  and  variety  of 
tree  species  is  generally  characteristic  of  floodplain  forests. 
Barclay  (19211)  demonstrated  three  major  stages  in  the  develop¬ 
ment  of  floodplain  forests  adjacent  the  Mississippi  River  in 


5 


Minnesota.  The  pioneer  stage  is  dominated  by  Populus 
deltoides  ( cottonwood )-Salix  (willow)  followed  by  a  fbpulus 
deltoldes  ( cottonwood ) -Ac er  saccharlnum  (silver  maple)  stage; 
the  mature  floodplain  forest  is  dominated  by  Acer  saccharlnum 
(silver  maple),  Ulmus  americana  (American  elm),  and  Fraxlnus 
pennsylvanlca  (green  ash). 

On  the  Tippecanoe  River  floodplain  in  Indiana,  Petty 
(1958)  described  seven  stages  of  vegetation  development  as 
follows:  a  pioneer  annual  grass-forb  stage;  a  perennial 
grass-sedge  stage;  a  perennial  forb-grass  stage;  a  perennial 
forb-sapling  stage;  a  sapling-woodland  forb  stage;  an  Acer 
saccharlnum  (silver  maple) -Ulmus  americana  (American  elm)- 
Sallx  nigra  (black  willow)  stage;  and  ultimately  an  edaphlc 
climax  stage .  Petty  (1958)  reported  five  stages  of  vegeta¬ 
tion  development  on  the  Wabash  River  in  Indiana  as  follows: 
a  pioneer  annual  grass-Polygonum  (dock-leaved  Persicaria)- 
Acnlda  (water  hemp)  stage;  a  perennial  forb-grass  stage;  a 
perennial  forb-sapling  stage;  an  Acer  saccharlnum  (silver 
maple) -Ulmus  americana  (American  elm)-Populus  deltoldes 
(cottonwood)  community,  and  the  terminal  floodplain  forest 
stand.  In  the  Illinois  River  Valley,  Turner  (1936)  found 
the  dominant  trees  in  the  floodplain  forest  to  be  Ulmus 
americana  (American  elm) and  Acer  saccharlnum  (silver  maple). 

In  Oklahoma,  Hefley  (1937)  reported  the  edaphlc  climax 
community  on  the  Canadian  River  floodplain  was  an  Ulmus 
americana  (American  elm)-Quercus  macrocarpa  (bur  oak) 


association.  Burns  (1941)  and  Featherly  (1941)  both  concluded 
that  riparian  woodlands  develop  into  Quercus  macrocarpa  (bur 
oak)  -  Quercus  borealis  (red  oak)  -  Carya  illlnoensis  (pecan) 
association.  Rice  (1965)  found  Ulmus  amerlcana  (American  elm) 
the  dominant  bottomland  forest  tree  in  38  of  47  stands  studied  in 
north  central  Oklahoma. 

Bellah  (197^)  reported  that  forest  succession  on  the  Re¬ 
publican  River  in  Kansas  began  with  Sallx  interior  (sandbar 
willow),  Sallx  amygdaloldes  (peach-leaved  willow),  and  Populus 
deltoldes  (cottonwood).  Polygonum  lapathlfollum  (dock-leaved 
Persicaria),  Ambrosia  trlflda  (giant  ragweed),  and  Conyza 
canadensis  (horseweed)  were  the  most  common  herbs  in  the  young 
stands.  After  100  years,  the  dominant  trees  were  Ulmus  amerlcana 
(American  elm),  Celtls  occldentalis  (hackberry),  Fraxlnus 
pennsylvanlca  (green  ash),  Morus  alba  (mulberry),  and  Acer 
negundo  (boxelder),  though  the  climax  community  had  not  yet 
developed. 

Along  the  Missouri  River,  Aikman  (1926)  described  the  first 
woody  invaders  as  Sallx  interior  (sandbar  willow),  Sallx  nigra 
(black  willow),  and  Sallx  amygdaloldes  (peach-leaved  willow) 
followed  by  Populus  deltoldes  (cottonwood).  Later  development 
is  characterized  by  Acer  negundo  (boxelder),  Ulmus  amerlcana 
(American  elm),  Ulmus  rubra  (slippery  elm),  Fraxlnus  pennsyl¬ 
vanlca  (green  ash),  and  Juglans  nigra  (black  walnut).  These  may 
be  replaced  by  Tllla  amerlcana  (basswood),  the  Ulmus  amerlcana 
(American  elm)  and  Ulmus  rubra  (slippery  elm)  remaining  as  co¬ 
dominants.  Weaver  (I960)  also  reported  the  successional  changes 
that  take  place  on  the  Missouri  River  floodplains  that  border 
Nebraska. 
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In  a  more  recent  study,  Lawrey  et_  al.  (1973)  described  the 
general  scheme  of  succession  on  the  Missouri  River  floodplain 
between  Yankton,  South  Dakota,  and  Rulo,  Nebraska,  to  consist 
of  five  stages:  Typha  (narrow-leaved  cattaiJ);  Typha  (narrow¬ 
leaved  cattail) -Salix  (willow) -Pop ulus  (cottonwood);  Populus 
( cottonwood) -Sallx  (willow);  Populus  (cottonwood)-  Cornus  (dogwood); 
and  Ulmus  ( elm)-Fraxlnus  ( ash)-Celtis  (hackberry). 

Although  all  these  descriptions  of  various  vegetation  types 
and  serai  communities  are  important  to  consider,  few  are  based 
on  adequate  quantitative  data  to  establish  a  time-scale  suc¬ 
cession  of  the  vegetation.  Shelford  (195*0  found  in  the  lower 
Mississippi  Valley  floodplain  that  for  18  years  Populus  deltoldes 
(cottonwood)  and  Sallx  Interior  (sandbar  willow)  and  Sallx  nigra 
(black  willow)  are  approximately  equal  in  vigor  and  growth  rate. 
Sallx  (willow)  then  declines  and  Populus  deltoldes  (cottonwood) 
continues  to  grow  and  remain  in  vigorous  condition  for  an  addi¬ 
tional  10  to  20  years  before  being  replaced. 

Edaphic  factors  can  be  important  in  determining  seed  germi¬ 
nation  and  seedling  developing  in  floodplain  succession. 

Populus  deltoldes  (cottonwood)  and  Salix  interior  (sandbar  willow) 
and  Sallx  nigra  (black  willow)  seedlings  occur  most  often  on 
bare  mineral  soil  and  in  full  sun  (Hosner  and  Minckler  i960). 

The  occurrence  of  lowland  species  and  the  development  of 
communities  are  strongly  affected  by  moisture  factors  which  are 
related  to  the  physiographic  maturity  of  the  site  (Oosting,  19**2). 
Abdul-Wahab  (1970)  found  a  negative  correlation  between  percen¬ 
tage  sand  and  organic  carbon,  phosphorus,  potassium,  nitrogen. 
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and  base  exchange  capacity  on  the  floodplain  soils  in  Oklahoma. 

Barclay  (1924)  found  that  shade  reduced  the  reproduction^ of 
Populus  (cottonwood).  According  to  Baker  (1949),  Sallx  (willow) 
and  Populus  (cottonwood)  were  found  to  be  very^shade  intolerant; 
Quercus  rubra  (red  oak),  Juglans  nigra  (black  walnut),  Platanus 
occldentalls  (sycamore),  Carya  spp.  (hickories),  Gledltsla 
trlacanthos  (honey  locust),  Gymnocladus  dlol ca  (Kentucky  coffee- 
tree),  Fraxlnus  pennsylvanica  (green  ash),  and  Catalpa  speclosa 
(catalpas)  were  found  to  be  shade  Intolerant ;  Quercus  macrocarpa 
(bur  oak),  Ulmus  amerlcana  (American  elm),  Ulmus  rubra  (slippery 
elm),  Fraxlnus  pennsylvanica  (green  ash),  Celtls  occldentalls 
(hackberry),  Platanus  occldentalls  (sycamore),  Quercus  rubra. 

(red  oak),  Acer  saccharlnum  (silver  maple),  and  Tllla  amerlcana 
(basswood)  were  found  to  be  intermediate ;  Ulmus  rubra  (slippery 
elm),  Platanus  occldentalls  (sycamore),  Acer  saccharlnum  (river 
maple),  Acer  negundo  (boxelder),  and  Tllla  ameidcana  (basswood) 
were  found  to  be  shade  tolerant;  and  only  Cornus  stolonlfera 
(flowering  dogwood)  was  found  to  be  very  shade  tolerant . 

Inundation  of  seedlings  can  be  an  important  limiting  factor 
in  the  floodplain  environment,  as  tree  species  exhibit  consid¬ 
erable  differences  in  their  responses  to  flooding  (Kramer  1950) 
Hosner  (1958)  ranked  six  floodplain  tree  species  according  to 
their  decreasing  tolerance  to  flooding  as  follows:  Sallx  nigra 
(black  willow),  Fraxlnus  pennsylvanica  (green  ash),  Llquldamber 
styraclflua  (sweet  gum),  Acer  negundo  (boxelder),  Populus  del- 
toldes  (cottonwood),  and  Acer  saccharlnum  (silver  maple).  Water 
fluctuations  affect  seeds  as  well  as  seedlings.  The  crop  of 


-  - 


PopuIus  deltoldes  (cottonwood)  seedlings  for  any  one  year  is 


determined  by  the  stage  of  the  river  during  the  period  of 
flying  seeds  and  some  time  after.  Since  PopuIus  deltoides 
(cottonwood)  and  Sallx  (willow)  seeds  remain  viable  for  less 
than  14  days,  a  gradual  lowering  of  the  water  table  following 
seed  release  provides  the  most  favorable  conoition  while  a  rise 
in  the  river  following  germination  practically  destroys  the 
crop  for  that  year  (Barclay  1924). 

The  Missouri  River  Stabilization  and  Navigation  Project 
established  by  the  Corps  of  Engineers  began  construction  of  the 
dike  and  pile  structures  along  the  Missouri  River  in  the  1930's 
A  complete  record  has  been  kept  on  the  dates  of  construction, 
repair  and  extension  of  each  of  these  structures.  As  a  result, 
it  is  possible  to  determine  quite  precisely  a  time  scale  of 
vegetation  succession  along  the  channelized  portion  of  the 
Missouri  River.  The  major  objective  of  this  study  was  to  deter 
mine  the  course  of  vegetation  development  between  the  river 
stabilization  structures  along  the  channelized  portion  of  the 
Missouri  River.  Secondary  objectives  included  comparing  stands 
of  similar  age  along  a  north-south  gradient,  and  to  determine 
the  influence  of  the  soil  and  other  habitat  factors  on  the 
development  of  vegetation. 
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THE  STUDY  AREA 

The  floodplain  is  the  portion  of  the  river  valley,  ad¬ 
jacent  to  the  river  channel,  which  is  built  of  sediments  during 
the  present  regimen  of  the  stream  and  which  is  covered  with 
water  when  the  river  overflows  its  banks  at  flood  stages  (Howell 
1957).  Our  study  area  was  the  floodplain  of  the  channelized 
portion  of  the  Missouri  River  from  Sioux  City,  Iowa,  to  Rulo, 
Nebraska.  This  area  exhibits  man-made  stabilization  structures 
that  were  constructed  under  authority  of  the  Stabilization  and 
Navigation  Project  of  the  Corps  of  Engineers.  Construction  be¬ 
gan  in  Rulo,  Nebraska,  and  gradually  worked  northward.  At  the 
present  time,  the  Missouri  River  Stabilization  and  Navigation 
Project  is  97Z  complete  and  is  the  most  complete  bank  stabili¬ 
zation  program  to  affect  the  central  portion  of  the  Missouri 
River  (Lawrey  et  al.  1973).  The  major  objectives  of  the  pro¬ 
ject  are  to  shape  the  course  of  the  river  using  a  system  of 
dike  and  pile  structures,  and  to  hold  the  newly  formed  banks 
in  place  with  rock  revetment.  '  The  stream  bed  Is  channelized 
naturally  by  the  scouring  action  of  the  flowing  water  (U.S. 

Army  Corps  of  Engineers  I960). 

These  river  stabilization  structures  were  built  perpendi¬ 
cular  to  the  flow  of  water  which  is  decelerated  and  the  sus¬ 
pended  sand,  silt,  and  clay  settles  out.  The  deposited  sand, 
silt,  and  clay  between  adjacent  stabilization  structures  even¬ 
tually  reaches  a  level  at  which  plant  species  can  become  estab¬ 
lished.  Often  these  stabilization  structures  are  lengthened 
after  a  period  of  time  which  both  decreases  the  width  of  the 
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channel  and  initiates  anew  the  process  of  substrate  deposition 
and  formation  of  a  new  bare  area  on  which  vegetation  can  become 
established.  Of  the  45  sites  selected  for  study  (Figure  1) , 

1  through  39  were  located  between  stabilization  structures  and 
the  six  remaining  sites,  40  through  45,  were  located  behind 
these  structures  in  more  mature  floodplain  forests. 

The  climate  of  the  study  area  is  continental  with  size¬ 
able  ranges  in  both  temperature  and  precipitation.  Climatic 
data  for  Sioux  City,  Iowa,  Omaha,  Nebraska,  and  Tarkio,  Missouri, 
are  shown  in  Table  1.  A  gradual  increase  in  monthly  average 
temperature  and  in  total  monthly  precipitation  occurs  from 
north  to  south.  These  differences  might  be  reflected  In  dif¬ 
ferent  vegetation  compositions. 

Soils  of  the  Missouri  River  floodplain  consist  of  the  fol¬ 
lowing  alluvial  soils:  Albaton,  heavy  soil  (clays);  Onawa, 
heavy  soil  of  medium  and  moderately  coarse  clay  over  silt  and 
sand;  Haynie,  soils  of  medium  textures  (loams  and  silts  over 
sand);  and  Sarpy,  a  coarse  sandy  soil  (WorsteretaL  1972).  Weaver 
(I960)  also  reported  that  sandy  soils  often  contain  good  sup¬ 
plies  of  most  nutrients  but  are  low  In  organic  matter  and 
nitrogen  content. 


MISSOURI  RIVER 
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Total  monthly  precipitation  (P)  in  cm  and  average  monthly  temperature  (T)  in 


METHODS 


Vegetatlonal  Analyses.  During  the  summer  of  1974,  we 
carried  out  considerable  reconnaissance  along  the  390  km  Mis¬ 
souri  River  study  area  from  Sioux  City,  Iowa,  to  Rulo,  Nebraska. 
This  area  is  approximately  360  linear  km  from  north  to  south 
and  includes  portions  of  three  states.  We  concentrated  on  the 
area  between  Rulo,  Nebraska,  and  Omaha,  Nebraska,  as  this  area 
has  the  oldest  stabilization  structures  and  therefore  the  most 
developed  floodplain  communities.  Sites  were  also  selected 
for  study  near  Sioux  City,  Iowa,  to  make  comparisons  among 
stands  along  a  north-south  gradient.  Younger  sites  were  selected 
in  both  areas  to  complete  the  time-scale  of  succession  along 
this  portion  of  the  Missouri  River. 

Within  this  study  area,  45  study  sites,  representing 
various  stages  of  succession,  were  selected  along  the  channel¬ 
ized  portion  of  the  Missouri  River.  Our  sampling  was  conducted 
from  May  through  August,  1974.  We  sampled  forest  vegetation 
within  15  X  25  m  macroplots.  All  trees  in  these  plots  were 
recorded  within  the  following  diameter  at  breast  height  (dbh) 
size  classes:  0-0.5  dm,  0. 5-1.0  dm,  1. 0-2.0  dm,  2. 0-3-0  dm, 
3.0-4. 0  dm,  4. 0-5.0  dm,  5*0-6. 0  dm,  6. 0-7.0  dm,  7. 0-8.0  dm, 

8.0+,  This  method  provided  data  not  only  for  density  and  basal 
area  determinations,  but  also  provided  information  regarding 
the  tree  population  structure  of  each  stand. 

Additionally,  we  determined  the  coverage  of  each  shrub 
species  within  each  macroplot  by  the  line  intercept  method  of 
Bauer  (1943)  using  two  25  m  transects.  In  each  macroplot,  we 
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sampled  herbaceous  undergrowth  within  fifty  2  X  5  dm  plots 
placed  systematically  along  the  25  m  sides  and  the  transects 
within  the  macroplot.  We  recorded  a  number  to  represent  the 
actual  cover  for  each  species,  using  the  following  cover  classes 
>0-5*,  2-6-25)1,  3-26-50*,  4-51-75*,  5-76-95*,  6-96-100* 
(Daubenmire  1959).  From  these  data,  we  determined  frequency, 
the  percentage  of  plots  in  a  given  stand  in  which  a  species 
occurs,  and  percentage  cover  for  each  herbaceous  species.  The 
stands  were  then  arranged  according  to  the  construction  dates 
of  the  stabilization  structures  which  presumably  would  also 
show  the  successional  trends  along  the  Missouri  River.  These 
dates  were  obtained  from  the  records  on  file  with  the  U.S. 

Army  Corps  of  Engineers,  Omaha  Division. 

Soils  Analyses.  In  each  stand  studied,  mineral  soil  sam¬ 
ples  from  the  upper  one  dm  were  collected  along  every  two 
meters  of  one  of  the  25  m  transects.  They  were  then  combined 
to  provide  a  composite  sample  for  analysis.  For  each  of  these 
samples  the  following  edaphic  features  were  determined:  mechan¬ 
ical  analysis  modified  from  Bouyoucos,  soil  reaction  with  a 
glass  electrode,  and  organic  matter  by  a  modified  Walkley  and 
Black  method  (Moodie  et_  al.  1963).  Readily  available  soil 
nutrients  other  than  total  nitrogen  were  estimated  using  a 
Hellige-Truog  soil  testing  kit.  Cation  exchange  capacity  was 
determined  using  a  Hach  soil  testing  kit.  Total  (Kjeldahl) 
nitrogen  was  determined  by  the  Soil  Testing  Laboratory,  South 
Dakota  State  University,  Brookings,  South  Dakota. 


SYNECOLOGICAL  CONCEPTS  PERTINENT  TO  THIS  STUDY 


Because  the  terminology  of  plant  synecology  is  not 
uniformly  used,  some  specific  terms  are  defined  here  as 
they  will  be  used  in  this  paper.  A  biotic  comm unity  is  any 
assemblage  of  populations  living  in  a  pre^rited  area  or 
physical  habitat.  The  concept  of  a  biotic  community  is 
necessary  not  only  because  plant  and  animal  populations 
are  interwoven  everywhere,  but  also  because  there  is  a  certain 
amount  of  conformity  in  their  distribution  over  the  landscape. 
Plant  distribution  is  controlled  primarily  by  the  physical 
factors  of  the  environment. 

Although  it  is  generally  true  that  habl cat  characteristics 
play  the  basic  role  in  determining  the  kind  of  community 
the  latter  certainly  alters  many  characteristics  of  its 
habitat.  A  plant  association  is  comprised  of  those  groups 
of  climax  stands  in  which  dominants  of  corresponding  layers 
are  essentially  the  same.  Differences  in  make  up  of  the 
vegetation  are  the  result  of  chance  dissemination  or  a  passing 
historic  factor  rather  than  the  result  of  basic  ecologic 
differences  in  the  stands.  An  important  subdivision  of  the 
plant  association  is  the  union.  The  union  consists  of  one, 
or  more  than  one,  abundant  species  (e.g.  Populus  deltoldes) 
characterizing  a  given  stratum  of  the  community.  Species 
are  usually  grouped  together  in  a  union  on  the  basis  of 
similarity  in  life-form,  phenology,  stature,  or  somewhat 
coextensive  distribution  in  a  local  vegetation  mosaic. 


All  the  area  that  now  supports  or  within  recent  time  has 
supported,  and  presumably  is  still  capable  of  supporting 
one  plant  association  is  called  a  habitat  type.  The  uni¬ 
directional  changes  of  the  community  with  time  are  commonly 
referred  to  as  biotic  succession.  However  these  changes 
are  not  without  end,  for  eventually  the  community  ceases 
to  undergo  measurable  change  in  a  constant  direction  and 
when  this  happens  the  last  community  to  gain  control  of  the 
area  retains  its  supremacy.  This  last  community  is  the  climax 
community  and  remains  in  steady  state  with  the  environment. 

All  the  temporary  communities  in  the  sequence  are  collectively 
referred  to  as  the  sere.  Representative  areas  of  vegetation 
having  essentially  homogeneous  characters  in  all  layers  are 
called  stands.  It  is  within  stands  that  macroplots  are 
established  for  sampling  purposes. 

The  principal  method  used  in  measuring  dominance  is 
coverage.  We  used  coverage  as  an  expression  of  the  percentage 
of  ground  included  in  a  vertical  projection  of  imaginary 
polygons  drawn  about  the  total  spread  of  foliage  of  the 
individuals  of  a  species.  Frequency ,  the  percentage  of 
occurrence  of  a  species  in  a  series  of  samples  of  uniform 
size  in  a  stand,  provides  information  about  the  uniformity 
of  distribution.  Constancy  may  be  defined  as  the  percentage 
of  occurrence  of  a  species  in  samples  of  a  uniform  size 
scattered  over  the  geographic  range  of  an  association. 

Just  as  the  biotic  community  can  exhibit  changes  in  time, 
called  succession,  it  can  also  exhibit  changes  in  space. 


Where  one  community  comes  in  contact  with  another^  the  area 
of  intergradation,  whether  broad  or  narrow,  is  called  an 

ecotone. 
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RESULTS  AND  DISCUSSION 
Riparian  Vegetation  and  Its  Development 

To  more  easily  analyze  our  data,  sites  were  arranged  In 
chronologic  order  according  to  the  ages  of  the  stabilization 
structures  that  caused  the  substrate  deposition  (Table  2).  The 
more  mature  communities,  farther  removed  from  the  river,  were 
arranged  according  to  their  apparent  order  of  succession.  The 
sires  were  then  grouped  into  three  broad  vegetation  types  as 
determined  by  the  dominant  overstory  species  present.  The 
youngest  communities  along  the  channelized  portion  of  the  Mis¬ 
souri  River  are  dominated  by  Sallx  spp.  (willows)  and  represent 
the  Sallx  (willow)  community.  In  the  second  community,  Populus 
deltoldes  (cottonwood)  replaces  Sallx  spp.  and  becomes  the 
dominant  tree  in  the  community.  The  mature  floodplain  community 
is  characterized  in  part  by  the  dominance  of  one  or  more  decid¬ 
uous  tree  species  which  have  replaced  Populus  as  the  dominant 
overstory  tree.  Stratifying  our  data  into  these  communities 
provided  a  convenient  way  to  tabulate  and  analyze  our  data,  and 
also  provided  a  reasonably  accurate  successlonal  scheme  along 
the  channelized  portion  of  the  Missouri  River. 

Although  the  sites  were  arranged  according  to  the  con¬ 
struction  dates  of  the  stabilization  structures  from  youngest 
to  oldest,  some  vegetation  on  "younger”  substrates  may  be  more 
successionally  advanced  than  other  vegetation  on  "older”  sub¬ 
substrates.  Though  a  good  correlation  exists  between  age  of 
stabilization  structures  and  stage  of  vegetation  development, 
thr  correlation  is  not  perfect.  This  may  be  due  to  a  variety 


Table  2.  Construction  dates  of  the  stabilization  structures 


built  adjacent  to  the  stands  studied. 


Site 

Dike  No. 

Location 
(m  from  river) 

Completion  Dates 
of  Construction 

Age 

1 

577.95 

5  m 

10/30/73 

1 

2 

577.95 

5  m 

10/30/73 

1 

3 

602.82 

6  m 

11/7/67 

7 

4 

594.25 

7  m 

10/12/67 

7 

5 

573.3 

5  a 

5/12/67 

7 

6 

800.75 

6  m 

1/10/66 

8 

7 

576.09 

10  m 

8/13/65 

9 

8 

576.01 

4  m 

8/11/65 

9 

9 

605.8 

8  m 

6/7/63 

11 

10 

651.8 

16  m 

6/10/57 

17 

11 

651.8 

20  m 

6/10/57 

17 

12 

579.3 

25  m 

1/9/59 

15 

13 

572.9 

10  m 

2/1/52 

22 

14 

575.8 

25  a 

5/16/38 

36 

15 

575.8 

35  a 

5/16/38 

36 

16 

609.2 

30  m 

8/11/38 

36 

17 

570.0 

20  a 

8/11/38 

36 

18 

570.0 

25  a 

8/11/38 

36 

19 

570.0 

20  a 

8/11/38 

36 

20 

563.0 

20  a 

4/12/37 

37 

21 

563.0 

30  a 

4/12/37 

37 

22 

563.0 

35  a 

4/12/37 

37 

23 

563.0 

15  a 

4/12/37 

37 

24 

561.5 

40  a 

S/ll/37 

37 
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Table  2*  Continued, 


Site 

Dike  No. 

Location 
(m  from  river) 

Completion  Dates 
of  Construction 

Ag* 

25 

561.2 

25  m 

9/12/37 

37 

26 

567.0 

40  m 

4/20/36 

38 

27 

567.0 

80  a 

4/20/36 

38 

28 

567.0 

20  m 

4/20/36 

38 

29 

652.0 

35  » 

5/14/35 

39 

30 

615.1 

45  m 

5/24/35 

39 

31 

651.4 

150  a 

7/27/35 

39 

32 

651.4 

120  a 

7/27/35 

39 

33 

565.0 

30  a 

12/16/35 

39 

34 

565.2 

25  a 

12/16/35 

39 

35 

565.4 

35  m 

12/17/35 

39 

36 

801.15 

85  a 

4/28/31; 

40 

37 

630.8 

60  a 

6/29/34 

40 

38 

630.8 

130  a 

6/29/34 

40 

39  a 

605.0 

50  a 

8/23/34 

40 

a  Sites  40  through  45  are  all  older  stands  on  the  Missouri  River 
floodplain  but  are  not  between  river  stabilization  structures. 
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of  reasons:  the  time  needed  for  deposition  of  sand,  silt,  and 
clay  varies  from  one  location  to  another,  the  availability  of 
disseminules ,  conditions  vary  for  germination,  and  the  water 
level  may  be  a  limiting  factor.  However,  this  dating  method 
remains  an  accurate  and  quite  precise  method  of  charting  the 
vegetational  succession,  as  demonstrated  more  fully  below. 

Sallx-domlnated  communities .  The  Sallx  communities  are 
pioneer  communities  along  the  channelized  portion  of  the 
Missouri  River  rapidly  establishing  themselves  on  newly  ex¬ 
posed  substrates.  Three  species  of  Sallx  (willow)  are  among 
the  early  woody  invaders  along  with  Populus  deltoldes  (cot¬ 
tonwood).  On  the  Republican  River  in  Kansas,  Bellah  and 
Hulbert  ( 197 ^ )  reported  that  Sallx  spp.  and  Populus  deltoldes 
invaded  floodplain  alluvium  immediately  after  it  was  above 
water  level.  We  also  found  this  to  be  true  in  our  study  area. 
The  stabilization  structures  that  resulted  in  deposited  sub¬ 
strate  on  which  sites  1  and  2  developed  were  built  in  the  fall 
of  1973  (Table  2).  Both  sites  were  under  water  in  May,  197**, 
but  by  June  the  water  level  had  dropped  to  expose  barren  sub¬ 
strate.  In  August  sites  1  and  2  were  covered  with  vegetation. 
The  first  woody  invaders  were  Sallx  Interior  (sandbar  willow), 
Sallx  amygdaloldes  (peach-leaved  willow),  Sallx  nigra  (black 
willow),  and  Populus  deltoldes  (cottonwood).  The  time  of  ex¬ 
posure  of  the  barren  substrate  above  water,  the  proximity  of 
nearby  trees,  and  chance  all  determine  which  of  the  woody  in¬ 
vaders  becomes  established;  and  the  composition  of  the  pioneer 
communities  is  affected  by  the  factors  listed  above.  There  is 
every  indication  that  the  first  species  to  successfully  become 


established  on  the  raw  parent  material  determine  the  compo¬ 
sition  of  the  pioneer  communities.  Since  Populus  deltoides 
(cottonwood)  and  Salix  interior  (sandbar  willow)  seeds  do  not 
remain  viable  after  14  days  (Ware  and  Penfound  1949),  the 
time  of  seed  dispersal  is  critical  to  successful  germination 
and  seedling  establishment,  and  subsequently  to  the  course  of 
development  that  a  community  will  take,  at  least  during  early 
stages  of  development.  Some  of  the  early  herbaceous  pioneers 
are  emergent  hydrophytes.  Allsma  subcordatum  (water  plantain) 
and  Sagattaria  latifolia  (arrowhead)  exist  only  a  short  time 
(1  to  2  years)  before  they  are  eliminated  by  the  additional 
buildup  of  substrate,  thus  removing  them  from  their  semi-aquatic 
habitat.  Reduced  light  intensity  resulting  from  the  rapid 
growth  of  the  woody  plants  is  also  a  factor  in  eliminating 
emergent  aquatics.  Neither  of  these  plants  were  sampled  or 
even  seen  in  sites  3-8,  representative  of  5-10  year  old  com¬ 
munities.  Other  early  herbaceous  pioneers  include  Eragrostls 
hypoldes ,  Eragrostls  frankll  (love  grass),  Carex  spp .  (sedge), 
Bldens  laevls  (bur  marigold),  and  Bldens  froo.dosa  (beggar 
tick)  (Sites  1  and  2).  These  species, except  for  Bldens  spp. 
which  may  become  tall  plants  and  compete  for  the  overstory 
with  the  woody  pioneers,  are  also  eliminated  due  to  lack  of 
light.  In  sites  1  and  2  the  average  number  of  trees  per  square 
meter  was  421,  which  means  that  an  average  cf  157,875  trees  in 
each  15  X  25  m  macroplot.  We  actually  counted  stems  per  square 
meter  but  at  this  young  stage  in  their  life  cycle,  root  sprouts 
should  be  minimal  and  most  if  not  all  the  stems  are  probably 
individual  trees.  Tree  basal  areas  in  Salix  dominated  stands  are 
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given  in  Table  3.  Only  the  herbaceous  species  that  can  com¬ 
pete  effectively  with  the  dense  willow  population  can  endure 
this  environment.  In  sites  3-8,  successful  species  include 
Polygonum  spp. ,  Rum ex  mexicanus  (dock),  Rumex  crlspus  (sour 
dock),  and  Phalarls  arundlnacea  (reed  canary  grass).  No  shrub 
species  are  found  in  the  Salix- dominated  vegetation  during 
the  first  10  years  of  its  development.  Van  Vechten  and  Buell  (1959) 
found  along  the  Millstone  River  in  New  Jersey  that  few  herbs 
and  shrubs  were  present  in  young  forest  stands  less  than  20 
years  old,  probably  the  result  of  inadequate  light.  The  very 
high  density  of  Salix  spp.  and  Populus  deltoldes  in  the  Sallx 
communities  must  result  in  strong  competition  for  light  and 
nutrients  in  these  stands  (sites  1-8).  After  the  Initial  in¬ 
vasion  of  the  woody  species  (sites  1-2),  we  find  many  trees 
have  died  in  sites  3-8  as  a  result  of  Intense  competition. 

Very  little  light  penetrates  through  the  overstory  and  little 
or  no  litter  was  found  on  the  ground. 

Lawrey  at  al.  (1973)  found  Typha  augustlfolla  (narrow¬ 
leaved  cattail)  in  all  his  pioneer  stands  along  the  unchan¬ 
nelized  portion  of  the  Missouri  River,  though  this  species 
was  rarely  encountered  along  the  channelized  portion  of  the 
Missouri  River  except  in  backwater  areas  adjacent  the  river. 

The  lack  of  development  of  marsh  communities  may  be  due  to 
the  rapid  formation  of  the  substrate  between  adjacent  stabili¬ 
zation  structures  not  allowing  adequate  time  for  the  develop¬ 
ment  of  this  community.  The  swiftness  of  the  current  along  the 
banks  may  also  attribute  to  its  lack  of  development.  From  data 


Table  3,  Basal  nree  for  the  trees  found  in  tne  :: i- 1  *  >  communities  observed,  oites  are 

numbered  consecutively  according  to  s^e  c .t  win'?  dikes  with  site  1  corresponding 
to  the  most  recent  win.'t  dike.  Basel  areas  are  ir.  m  /he. 


Indicates  any  burr!  or«r  lc5- 
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obtained  in  this  study  plus  that  obtained  by  Lawrey  et  al. 
(1973)  it  would  be  worthwhile  to  do  a  comparative  study  on 
a  number  of  the  backwater  areas  now  cut  off  from  the  main 
river  channel.  It  would  be  important  to  assess  the  vegetation 
development  in  these  backwaters,  the  aquatic  organisms,  and 
the  substrate  chemistry  with  a  view  in  mind  of  dotermining 
similarities  and  differences  with  the  main  channel.  The  back¬ 
water  areas  may  prove  to  be  important  temporary  or  permanent 
wildlife  habitats  which  cannot  exist  along  the  main  channel. 

Yet  their  occurrence  close  to  the  main  channel  could  provide 
significant  diversity  of  biota  for  the  channelized  portion  of 
the  Missouri  River  basin.  To  our  knowledge,  ecclogic  studies 
have  not  yet  been  done  on  these  backwater  areas,  though  the 
importance  of  these  areas  is  in  no  way  lessened  by  our  lack 
of  knowledge  about  them. 

After  approximately  15  years  of  vegetatlonal  succession 
(sites  9-13) »  the  thinning  of  the  overstory  has  proceeded  to 
the  point  where  adequate  light  penetrates  through  the  canopy 
that  a  herbaceous  union  develops.  The  new  undergrowth  union 
is  dominated  by  Phalarls  arundlnacea  (reed  canary  grass), 

Urtlca  dlolca  (nettle),  and  Impatlens  pallida  (pale  touch-me- 
not),  Galium  aparlne  ( begged?/ ticks) ,  Teucrlum  canadense  (wood 
sage),  Conyza  canadensis  (horseweed),  and  by  Rtunex  mexlcanus 
(dock)  which  is  a  constant  species  in  the  Sallx  communities. 
Here  also  occurs  the  first  shrub  species  to  become  an  important 
part  of  the  community.  The  fast-growing  vines  Menlspermum 
canadensis  (moonseed)  and  Vltls  rlparla  (riverbank  grape)  have 
higher  average  cover  and  are  more  ubiquitous  in  these  older 
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Sallx  communities  than  woody  shrubs  such  as  Toxicodendron 
rydbergil  (poison  ivy)  and  Parthenoclssus  quinquefolia  (Vir¬ 
ginia  creeper).  Thus,  the  older  Sallx  communities  (sites  9- 
13)  have  a  distinct  herbaceous  union  plus  the  presence  of  a 
developing  shrub  union  compared  to  the  younger  Sallx  communi¬ 
ties.  Undergrowth  data  for  Sallx  communities  are  in  Table  4. 

The  population  structure  of  these  older  Sallx  communities 
(sites  9-13)  shows  that  most  of  the  trees  are  in  the  same  size 
classes  (Table  5).  It  is  at  this  time  in  the  development  of 
the  sere  that  Populus  deltoldes  (cottonwood)  begins  to  shade 
out  the  Sallx  spp.  and  become  dominant.  Shelford  (1959)  found 
in  the  lower  Mississippi  River  Valley  that  Populus  deltoldes 
(cottonwood)  becomes  more  vigorous  than  Sallx  spp .  after  18 
years  of  succession.  In  site  12,  Populus  deltoldes  has  already 
become  dominant  over  the  Sallx  spp.  The  population  structure 
of  site  10  (Table  5)  also  shows  that  no  young  Populus  deltoldes 
or  Sallx  spp.  are  present;  only  Morus  alba  (mulberry)  and  Ulmus 
rubra  (slippery  elm)  were  reproducing  in  the  older  Sallx  com¬ 
munities  ,  though  Ulmus  was  not  found  in  site  10. 

Populus-domlnated  communities.  All  the  sites  between  36 
and  4o  years  of  age  (sites  14-39)  were  dominated  by  Populus 
deltoldes  (cottonwood),  and  were  appropriately  categorized  as 
Populus-domlnated  vegetation.  Populus  deltoldes  clearly  is 
the  dominant  tree  in  all  the  sites  except  site  15  in  which 
Platanus  occldentalls  (sycamore)  is  competing  with  Populus  for 
the  overstory.  In  none  of  the  26  sites  representative  of  the 
Populus  community  did  we  find  any  Sallx  spp :  they  had  been 
completely  eliminated  from  the  floodplain.  The  dominance  of 
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Table  5 •  Population  structure  of  the  tree  species  In  a  representative  Sallx  forest 
along  the  Missouri  River  near  Omaha,  Nebraska. 
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Salix  on  the  floodplain  lasts  for  only  15-20  yrs.  Although 
Populus  deltoldes  (cottonwood)  is  clearly  the  dominant  tree 

species  in  these  sites  (even  though  several  other  tree  species 
do  occur)  it  was  never  found  to  be  reproducing  in  any  of  the 
sites.  This  is  due  to  the  fact  that  Populus  deltoldes  (cotton¬ 
wood)  dominated  communities  in  our  area  become  established  by 
the  simultaneous  germination  of  thousands  of  cottonwood  seeds. 
Once  established,  very  little  further  germination  in  cotton¬ 
wood  occurred.  Thus  the  cottonwood  community  is  one  of  a 
unique  nature,  the  development  and  duration  of  which  depends 
primarily  on  the  life  cycle  of  the  dominant  species.  Many 
other  tree  species  were  present  in  the  understory  and  give  an 
indication  on  the  future  course  of  succession.  Morus  alba 
(mulberry)  was  reproducing  in  all  the  Populus  communities. 

Ulmus  rubr?  (slippery  elm),  Celtis  occidentalis  (hackberry), 
and  Acer  negundo  (boxelder)  were  reproducing  in  at  least  50t 
of  the  stands.  In  the  older  cottonwood  communities  along  the 
Mississippi  River,  Shelford  (1954)  found  Acer  negundo  (box- 
elder),  Acer  rub rum  (red  maple),  Platanus  occidentalis  (syca¬ 
more),  Ulmus  amerlcana  (American  elm),  and  Celtis  occidentalis 
(hackberry)  to  be  the  most  abundant  seedlings.  Other  tree  spe¬ 
cies  encountered  on  the  floodplain  in  our  study  were  Juglans 
nigra  (black  walnut),  Gymnocladus  dlolca  (Kentucky  coffee- 
tree),  Quercus  macrocarpa  (bur  oak),  and  Gledltsia  trlacanthos 
(honey  locust)  all  more  representative  of  the  more  mature  flood- 
plain  forests  of  the  eastern  deciduous  forests.  The  fact  that 
they  were  found  reproducing  in  at  least  one  site  after  only 
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40  years  of  succession  certainly  indicates  the  rapid  change 
that  is  occurring  in  these  communities. 

The  population  structure  in  the  Populus  communities  is 
more  complex  and  interesting  than  that  of  the  Salix  community. 
Populus  deltoldes  (cottonwood)  is  the  only  species  occupying 
the  overstory  canopy  for  the  reason  stated  above.  However, 
unlike  the  Salix  communities,  the  Populus  community  has  species 
in  the  other  sice  classes.  In  site  35  (Table  6  ),  Ulnus  rubra 
(slippery  elm),  Fraxinus  pennsy Ivanlca  (green  ash),  Celtls 
occldentalis  (hackberrv),  and  Morus  alba  (mulberry)  have  been 
reproducing  and  represent  the  smaller  size  classes.  The  sig¬ 
nificance  of  population  age  structure  in  tree  species  as  implied 
from  Tables  5,  6  ,  and  10  is  that  the  course  of  vegetation 
development  can  best  be  determined  from  it.  The  stratification 
of  our  tree  sampling  into  individuals  of  different  sizes  (ages) 
is  the  only  way  in  which  to  learn  about  population  dynamics 
in  given  species.  Again  we  do  not  find  Populus  deltoides  re¬ 
producing.  Tree  basal  areas  of  Populus  stands  are  in  Table  7. 

In  the  Populus  communities  there  is  a  distinct  shrub 
union.  In  most  of  our  study  area  this  union  is  dominated  by 
Cornus  stolonlfera  (red  osier  dogwood).  Although  some  Cornus 
occurred  in  the  Salix  communities,  it  was  never  sufficiently 
mature  or  abundant  to  be  recognized  as  a  union.  In  some  of 
the  Populus  dominated  sites,  nos.  24,  31,  38,  Cornus  stoloni- 
fera  (red  osier  dogwood)  had  a  frequency  of  over  50%. 

Other  shrub  species  are  well  represented  in  these  sites. 
Bellah  and  Hulbert  (1974)  found  that  Toxicodendron  rydbergil 


Table  6 •  Population  structure  of  the  tree  species  in  a  representative  Populua  forest 
along  the  Missouri  River  near  Brownville*  Nebraska* 
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(poison  ivy)  and  Parthenocissus  quinquefolia  (Virginia  creeper) 
were  never  important  shrub  species  in  young  sites  along  the 
Republican  River  in  Kansas  but  were  important  in  the  older 
stands.  In  our  study  area.  Toxicodendron  rydbergli  (poison 
ivy)  was  found  in  all  26  sites  representative  of  Populus  domi¬ 
nated  vegetation.  Parthenocissus  quinquefolia  (Virginia  creeper) 
was  found  in  23  of  the  26  sites  studied.  Other  shrub  species 
having  high  constancy  in  the  Populus  dominated  vegetation  were 
Menlspermum  canadense  (moonseed)  69?,  Symphoricarpos  occlden- 
talls  (wolfberry)  50?,  and  Sambucus  canadensis  (elderberry)  54?. 
Vltls  rlparla  (riverbank  grape)  and  Menlspermum  canadense 
(moonseed)  were  less  abundant  in  Populus -dominated  vegetation 
than  in  the  oldest  Sallx-domlnated  sites.  The  number  of 
shrub  species  increased  from  8  in  the  Sallx-domlnated  vegetation 
to  14  in  the  Populus  dominated  vegetation. 

The  herbaceous  vegetation  in  these  sites  was  characterized 
by  Galium  aparlne  (rough  bedstraw)  and  Laportea  canadensis 
(wood  nettle),  with  Geum  canadensis  (white  avens),  Parietarla 
pennsylvanlca  (pellitory),  and  Viola  spp.  (violets)  as  addi¬ 
tional  important  species.  In  several  of  the  sites  the  subor¬ 
dinate  unions  had  additional  important  members.  For  example 
Imp  at  lens  pallida  (pale  touch-me-not)  was  found  in  s^.tes  15, 

16,  and  26.  Osmorhlza  claytonll  (sweet  cicely)  was  found  in 
site  16.  In  sites  21  and  24,  Sanlcula  canadense  (snakeroot) 
was  an  important  member  of  the  community.  Urtlca  diolca 
(nettle)  was  an  important  member  in  sites  22,  24,  26,  31  and  32. 
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Teucrium  canadense  (wood  sage)  had  the  second  highest  cover  in 
site  30  surpassed  only  by  Galium  aparine  (rough  bedstraw).  Site 
36,  the  northernmost  site  studied  in  the  Populus  vegetation, 
had  a  subordinate  union  dominated  by  Conyza  canadensis  (horse- 
weed)  and  Solidago  spp .  (goldenrod).  Poa  pratensis  (Kentucky 
blue  grass)  was  also  an  important  member  of  this  site  (Table  8  )• 

Topography  within  Po£ulus -dominated  communities  was  some¬ 
what  more  irregular  than  in  the  nearly  flat  topography  of 
the  Sallx  sites.  This  is  probably  due  to  the  development  of 
drainage  patterns  in  these  older  Populus  communities.  The 
Populus  sites  were  also  higher  above  the  water  table,  and  they 
had  a  distinct  litter  layer  not  found  in  Salix  communities. 

Since  construction  began  on  the  Missouri  River  Stabili¬ 
zation  and  Navigation  Project  in  the  early  1930's,  the  oldest 
communities  between  the  stabilization  structures  are  only  40 
years  old.  Shelford  (1954)  found  that  at  least  1-2  centuries 
were  needed  for  the  development  of  the  climax  community  on 
floodplains  in  the  lower  Mississippi  River  Valley.  In  our 
study  area,  the  succession  has  not  had  time  to  attain  climax 
status  in  40  years.  To  determine  the  later  stages  in  the 
sere,  we  sampled  more  mature  floodplain  communities  located 
behind  the  wing  dikes.  These  data  helped  us  in  predicting 

the  course  of  biotic  succession. 

Platanus-Ulmus  dominated  communities .  After  Populus  has 

been  removed  from  dominance  in  the  floodplain  communities 
along  the  channelized  portion  of  the  Missouri  River,  Platanus 
occldentalls  (sycamore)  and  Ulmus  rubra  (slippery  elm)  take 
over  as  the  dominant  trees  in  the  overstory.  Tree  basal  areas  of 


ihn*  ta4  *M»»W  t»  t*»  rwttM 


3 

**3 

3 

2k  3  3 
3*  3  3 
3s  %  3* 
3*  3s  3 
51-  3  3* 
3-  & 

51-  3  *  k 
3  3  3 
5k  2b  3 


♦1*  4  4  4 
4  3*  3" 

3*3-3* 

5k 

3-  4  3 

4  3-  3*  3-  4 
3  3 
3 

4  3 

3  3  4  *1* 
2k  3*  4 

*1*  3-  3* 

4  4  3* 


3s  3a  3*  3  31* 

J  3*  3*  3s  3*  4 

J  3*  &  4  3*  3-  ‘I* 

£  Ji  33  3* 

3  3*3  3s  3 

&  a*  3*  4  3  4  3 

3k  2k  J  3  3  4 

3  J  3  3-  3*  3*  3 

3*3  3  :4  5k  3*  4 

3*  3  3  3*  3-  3*  4  4 

3  3  3s  3* 

2k  3*3*  3  3  3 

^333334  4 


3s  3 


51  M 

§  i 


'll/ll/! 


2k  3 

3*3*  3 

3 

3*  3s  3*  3? 
a*  3*  3*  4 

*  & 

4  3*  3* 

33  3 


4  4 
3 


%  4  3 

$  3  3  3 

3  4 

>  4  *  3 

3  4  3  3  3 

3  3 

3  3 

3333 
3  3  3  4 

3  3  3  *1* 

3  3  3  4 

*  * 

3  4  3 

3  3  3  3 

3  33  3 

3  3  33 

333344 


mu 


44 

old  floodplain  stands  are  recorded  in  Table  9-  Site  40  represents 
the  transitional  stage  between  these  two  communities.  One 
large  Populus  deltoides  (cottonwood)  (12+  dbh)  still  remained 
in  the  site  but  Platanus  occidentalis  (sycamore)  and  Ulmus 
rubra  (slippery  elm)  were  located  in  the  overstory  in  the  other 
parts  of  the  site  and  upon  the  death  of  the  last  Populus  tree, 
would  be  the  dominants  of  the  community.  The  presence  of  the 
old  Populus  tree  in  site  40  shows  the  importance  that  Populus 
has  in  the  floodplain  communities  and  the  long  period  of  time 
that  this  importance  persists.  Celtls  occidentalis  (hackberry) 
was  another  important  tree  species  in  the  area  although  it  was 
not  located  in  the  macroplot.  The  Cornus  union  was  well  de¬ 
veloped.  The  herbaceous  union  was  similar  to  some  of  the 
Populus  communities.  Laportea  canadensis  (wood  nettle),  Galium 
aparlne  (rough  bedstraw),  Geum  canadensis  (white  avens ) Cani¬ 
cula  canadense  (snakeroot),  and  Viola  spp.  (violets)  were  im¬ 
portant  members  of  the  herbaceous  union. 

In  site  4l  Populus  deltoides  had  been  replaced  by  Platanus 
occidentalis  (sycamore).  Four  old  Sallx  amygdaloides  (peach¬ 
leaved  willow)  trees  remained  in  this  site;  however,  none  of 
them  were  vigorous.  Along  with  Ulmus  rubra  (slippery  elm), 

Acer  ne^undo  (boxelder)  was  another  Important  overstory  species. 
Toxicodendron  rydbergll  (poison  ivy)  and  Parthenocissus  quln- 
quefolla  were  important  shrub  species.  Galium  aparlne  (rough 
bedstraw)  had  the  highest  cover  of  the  herbs. 

Site  42,  the  southernmost  site  studied,  was  also  a  member 
of  the  Platanus-Ulmus  community.  However  other  tree  species 
of  the  eastern  deciduous  forest  formation  were  part  of  the 
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community.  Juglans  nigra  (black  walnut),  Gymnocladur,  dlolca 
(Kentucky  coffee-tree),  and  Tllla  amerlcana  (basswood)  were 
present  in  the  site,  giving  more  diversity  to  the  tree  popula¬ 
tion  structure.  The  Cornus  union  was  replaced  by  a  well 
developed  Aslmlna  triloba  (.papaw)  union  which  at  this  site 
may  have  reached  its  northernmost  extension  along  the  Missouri 
River.  Geum  canadense  (white  avens)  and  Viola  spc .  v;ere  the 
dominant  herbaceous  species. 

Tilla-Quercus  dominated  community .  We  found  two  communities 
which  probably  are  two  distinct  climax  communities  on  the 
floodplain  of  the  Missouri  River.  One  of  these,  represented 
by  site  43,  is  the  more  mesic  Tllla  americana  (basswood)- 
Quercus  rubra  (red  oak)  community.  In  New  Jersey,  Buell  and 
Wistendahl  (1955)  reported  more  mesic  floodplain  terraces 
can  support  an  Acer-Tllla  (maple-basswood)  community  Instead 
of  a  Quercus-Carya  (oak-hickory)  community.  Ulmus  rubra 
(slippery  elm)  and  Gymnocladus  dlolca  (Kentucky  coffee-tree) 
were  subdominant  species  in  the  overstory.  The  population 
structure  of  site  43  (Table  10)  had  species  representation 
over  all  the  size  classes.  The  shrub  union  was  dominated  by 
Cornus  stolonlfera  (red  osier  dogwood), and  Cercls  canadensis 
(redbud)  which  is  characteristic  of  a  more  mesic  habitat. 

Sy mphor 1 c arp o s  occldentalls  (wolf berry)  was  an  important  shrub 
species  in  site  43  and  was  part  of  the  formation  of  a  new 
shrub  union,  along  with  Rlbes  mlssouriense  (gooseberry). 

In  this  mesic  habitat,  Laportea  eanadensis  (wood  nettle)  was 
clearly  the  most  important  herb,  with  Galium  aparine  (rough 
bedstraw)  and  Osmorhlza  claytonll  (sweet  cicely)  as  the  next 
important  herbs. 
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Quercus-Carya  dominated  community .  Sites  44  and  45  were 
located  in  an  old  Quercus  macrocarpa  (bur  oak)  and  Carya 
ovata  (shagbark  hickory)  community,  5  km  south  of  Hamburg, 

Iowa,  and  approximately  1  km  from  an  old  channel  of  the  Missouri 
River.  This  is  the  second  of  the  two  probable  climax  communities 
on  the  Missouri  River  floodplain.  Both  sites  contained  an 
8+  dbh  Quercus  macrocarpa  (bur  oak)  tree  indicative  of  the 
very  old  age  of  the  community.  These  were  tne  only  two  sites 
encountered  on  the  floodplain  in  which  Carya  ovata  (shagbark 
hickory)  was  found.  Ulmus  rubra  (slippery  elm)  and  Tllla 
americana  (basswood)  were  important  tree  species.  Cornus 
stolonlfera  (red  osier  dogwood)  had  a  well-developed  union 
in  site  45.  The  shorter  Symphoricarpos-Ribes  union  was  more 
developed  in  the  Quercus-Carya  community  than  In  the  Tilla- 
Quercus  community.  Parthenoclssus  qulnquefolla  (Virginia 
creeper)  was  another  important  shrub  species  In  this  community. 

In  the  last  two  communities,  dominated  by  T1 lla-Quercus  and 
by  Quercus-Carya,  there  was  a  significant  reduction  in  the 
cover  of  Toxicodendron  rydbergll  (poison  ivy).  Laportea 
canadensis  (wood  nettle)  was  not  found  in  either  of  the  sites 
representative  of  the  Quercus-Carya  dominated  vegetation. 

Galium  aparlne  (rough  bedstraw)  and  Clrcea  cuadrisulcata 
(enchanter's  nightshade)  were  the  dominant  herbaceous  plants 
in  the  two  sites  (Table  11). 

Two  of  the  study  sites,  no.  6  and  36,  sampled  were  in 
the  northern  portion  of  the  study  area.  The  sites  exhibited 
few  differences  in  their  overstory  vegetation  compared  to 
similarly  aged  sites  in  the  southern  areas.  However,  the 
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understory  was  dominated  by  Solldago  spp .  (goldenrod)  and 
Conyza  canadensis  (horseweed)  which  is  distinct  from  the 
Galium-Laportea  herbaceous  union  in  the  other  sites.  These 
differences  could  be  the  basis  for  distinguishing  a  different 
vegetation  type;  however  we  decided  to  keep  the  northern 
Populus-domlnated  communities  with  the  bulk  of  the  Populus- 
dominated  communities  until  further  data  warrant  a  separation. 

We  made  some  other  observations  relating  to  a  north- 
south  gradient.  Platanus  occldentalls  (sycamore)  was  not 
seen  north  of  Omaha,  Nebraska.  Aslmina  triloba  (papaw) 
was  seen  only  in  the  southernmost  sites.  Campsls  radlcans 
(trumpet  creeper)  was  encountered  south  of  Nebraska  City, 
Nebraska. 

The  method  that  we  used  in  our  study  to  determine  a 
time-scale  of  vegetational  development  along  the  channelized 
portion  of  the  Missouri  River  proved  to  be  efficient  and 
rather  precise.  Although  we  do  not  know  how  long  it  takes 
for  substrate  deposition  to  reach  the  water  level,  or  Just 
above,  we  found  that  newly  exposed  substrates  in  197^  were 
almost  immediately  covered  by  young  willows  and  some  cotton¬ 
woods.  The  results  reported  above  portray  an  accurate  view 
of  succession  along  the  Missouri  River.  Not  only  did  the 
youngest  wing  dike  areas  have  the  youngest  vegetation 
development,  but  stabilization  structures  of  approximately 
equal  age  and  located  in  the  same  region  had  similar  over¬ 
story  and  understory  vegetation.  The  fact  that  many  stabili¬ 
zation  structures  were  built  in  the  1930’s  and  all  the  sites 
adjacent  these  structures  were  dominated  by  Populus  deltoides 
(cottonwood)  and  all  these  communities  had  completely  eliminated 
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Sallx  spp .  (willows)  from  the  overstory  attests  to  the  validity 
of  this  dating  technique.  Additionally,  by  this  time,  the 
short  period  at  the  beginning  for  substrate  deposition 
becomes  somewhat  less  important.  The  Populus-domlnated 
community  maintains  its  identity  for  quite  a  long  period  of  time. 
This  technique  was  so  precise  on  the  floodplain  of  the  Missouri 
River  that  we  could  immediately  determine  the  approximate 
age  of  the  stabilization  structures  upon  entering  the  com¬ 
munity  and  noting  its  development.  A  study  of  this  nature 
has  the  benefit  of  relating  vegetation  development  to  date 
of  wing  dike  construction.  Even  though  some  precision  is 
lost  by  the  fact  we  could  not  measure  rates  of  substrate 
deposition  this  is  less  important  than  it  might  first  appear. 

One  of  the  problems  encountered  in  the  study  was  that 
the  construction  of  stabilization  structures  along  the  Missouri 
River  was  not  done  continuously  from  beginning  to  end. 

Rather  there  were  periods  of  active  construction  alternating 
with  periods  of  no  construction.  Thus  not  all  the  successional 
history,  of.  the  vegetational  development  could  be  followed. 

However  the  information  lost  proved  to  be  minimal  in  the 
vegetational  development  of  the  communities.  Another  problem 
with  the  study  was  the  fact  that  the  oldest  stabilization 
structures  were  only  40  years  old  and  succession  had  not 
yet  obtained  the  climax  condition;  but  older  communities 
were  found  and  studied  though  not  with  the  precise  time- 
scale  accuracy.  It  is  usually  possible  to  date  the  age  of 
vegetation,  even  if  approximately,  by  taking  tree  cores  and 
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counting  growth  rings.  But  in  our  oldest  sites  the  largest 
trees  were  far  too  large  to  be  cored,  so  we  can  only  estimate 
the  age  of  these  sites  to  be  well  over  100  years. 

Channelizing  the  Missouri  River  has  created  a  situation 
of  conflicting  interests,  at  least  to  some  degree.  These 
conflicts  stem  mainly  from  the  problem  of  land  use.  The 
effective  control  of  the  Missouri  River  though  a  system  of 
reservoirs  above  the  study  area  and  the  construction  of 
stabilization  structures  along  the  study  area  has  created 
more  land  that  can  be  used  for  farming.  A  former  practice 
of  farmers  along  the  Missouri  River  was  to  leave  a  tree 
zone  between  the  river  and  their  land  to  reduce  the  river's 
current  during  times  of  high  water.  This  buffer  zone  pro¬ 
tected  the  farm  land  from  erosion  and  also  provided  an  area 
for  vegetational  succession.  But  with  more  control  over 
the  river  and  the  high  price  for  arable  farm  land  these 
stands  are  being  eliminated. 

The  technique  of  dating  used  in  our  study  could  possibly 
be  related  to  sedimentation  studies  along  the  Missouri  River. 
The  rate  of  sedimentation  as  well  as  the  texture  of  the 
material  in  the  Missouri  River  could  be  determined  and  com¬ 
pared  to  previous  sedimentation  along  the  river.  A  relation¬ 
ship  could  be  worked  out  among  sedimentation  rates,  textural 
properties  of  sediment,  and  vegetation  development. 

The  older  communities  that  still  exist  and  were  studied 
on  the  floodplain  are  invaluable.  These  remnants  of  the 
eastern  deciduous  forest  formation  have  a  variety  of  plaint 
species  that  are  not  encountered  in  amy  other  community  on 
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the  floodplain.  These  are  highly  diverse  and  stable  communities. 
They  represent  a  record  of  natural  vegetation  which  if  re¬ 
moved  will  never  again  be  attained.  The  value  of  these  mature 
biotic  communities  transcends  levels  of  economic  thinking. 
Fortunately  these  areas  are  apparently  to  remain  as  they  are, 
undist^hed.  They  will  provide  for  future  generations  the 
opportunity  to  seek  answers  to  basic  questions  current  investi¬ 
gators  have  not  yet  thought  to  ask.  They  will  also  provide, 
as  they  do  now,  the  opportunity  for  persons  to  visit  and  enjoy 
the  environment  of  a  mature  floodplain  forest. 

There  are  a  variety  of  wildlife  habitats  along  this  portion 
of  the  Missouri  River.  An  assessment  of  the  wildlife  could  be 
made  in  the  context  of  the  vegetation  types  described  in  this 
study.  Those  vegetation  types  providing  the  best  combination 
of  cover  and  food  for  the  wildlife  can  be  maintained  by  man¬ 
agement  based  on  ecologic  knowledge  of  the  vegetation. 

Diversity 

We  were  especially  interested  in  interpreting  changes 
in  species  diversity,  both  successionally  and  geographically. 
Theoretically,  diversity  increases  with  an  increase  in  succes¬ 
sion,  resulting  in  a  greater  community  stability  (Odum  1967). 
Since  a  relatively  large  diversity  may  indicate  not  only  a 
large  number  of  species,  but  also  a  relative  evenness  in  indi¬ 
vidual  species  importance  values,  we  expected  the  more  mature 
communities,  Platanus-Ulmus ,  Tllla-Quercus ,  and  Quercus-Carya, 
to  exhibit  greater  diversity  values  than  the  younger  Sallx  and 
Populus  communities. 
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We  computed  mean  diversity  for  the  tree,  shrub,  and  her¬ 


baceous  unions  using  the  Shannon-Wiener  index  of  diversity: 


where  n^  is  the  importance  (coverage)  value  of  the  ith  species, 
m  is  the  number  of  species,  and  N  is  the  total  importance 
(coverage)  value  for  the  site.  We  then  averaged  these  values 
for  each  community  type  to  show  general  trends  (Table  12). 

The  diversity  values  of  the  tree  unions  are  low  in  the  Sallx 
and  Populus  dominated  communities.  In  the  Populus  community 
this  was  due  to  the  overwhelming  dominance  of  Populus  deltoides 
in  the  tree  union  of  most  of  the  stands  studied.  The  more  ma¬ 
ture  floodplain  tree  unions  had  substantially  higher  values 
than  the  younger  communities.  The  shrub  union  had  approximately 
equal  values  for  the  Sallx  and  Populus  communities.  The 
Platanus-Ulmus  had  the  lowest  value  in  the  shrub  union.  The 
two  climax  communities,  Tllla-Quercus  and  Quercus-Carya,  had 
the  highest  diversity  values  in  the  shrub  union.  In  the  her¬ 
baceous  union  all  the  communities  except  the  Tllla-Quercus 
community  had  approximately  the  same  values.  The  Tllla-Quercus 
community  had  a  high  value  in  its  herbaceous  union. 

Lawrey  et_  al.  (1973)  found  herbaceous  species  diversity 
to  be  greater  in  young  northern  stands  than  in  young  southern 
stands.  This  was  attributed  to  the  greater  variety  cf  habitat 
conditions  in  the  northern  unchannelized  part  of  their  study 
area.  However,  as  succession  advances,  diversity  of  herbaceous 
species  becomes  greater  in  the  southern  stands  where  more  species 
are  part  of  the  herbaceous  undergrowth  of  older  stands. 
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Table  12.  Mean  diversity,  E,  and  standard  errors  were  cal¬ 
culated  for  tree,  shrub,  and  heroaceous  unions 
in  each  of  the  five  vegetation  types  occurring 
in  the  study  region.  The  Snannon-Wiener  Index 

was  used. 

E 

Dominant  Member 

of  the  Community  Tree  Union  Shrub  Union  Herbaceous  Union 


Sallx 

0.79  £ 

.07® 

1.69 

+ 

.26b 

1.67  +  .22 

Populus 

0.72  + 

.07 

1.53 

+ 

.11 

1.76  ♦  .12 

Platanus-Ulmus 

1.83  * 

.15 

1.28 

+ 

.19 

1.90  +  .63 

Til la -Que reus 

1.U2  + 

.00 

1.93 

+ 

o 

o 

. 

2.25  +  .00 

Quercus-Carya 

1.23  1 

.27 

2.19 

+ 

. 

H* 

CD 

1.55  +  .37 

*  Includes  Sallx  sites  3-13 •  No  measurable  trees  in  sites  1-2. 
b  Includes  Sallx  sites  9-13*  No  shrubs  in  sites  1-6. 
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Similarity  Indexes  and  their  use  In  Vegetation  Descriptions. 

In  order  to  further  analyze  our  data,  we  determined  stand 
similarity  between  each  pair  of  the  45  stands.  This  was  done 
by  using  the  following  coefficient  of  similarity  (Oosting  1956): 
C=  200w/(a+b).  We  used  percent  basal  area  or  percent  coverage 
data  for  each  species  in  each  stand  in  determining  similarity. 
For  species  occurring  in  both  sites  being  compared,  the  lower 
coverage  percentages  of  all  such  species  were  summed  (w)  and 
doubled  to  represent  the  degree  of  similarity  between  the 
two  sites.  This  value  was  then  taken  as  a  percentage  of  the 
sum  of  all  coverage  or  basal  area  percentage  values  of  both 
sites  (a+b).  A  site  similarity  coefficent  was  calculated 
for  each  of  the  45  sites  paired  with  each  of  the  remaining 
sites. 

By  using  the  tree  values  (Table  13) >  the  coefficient  of 
similarity  verifies  that  five  communities  can  be  identified. 

The  first  community,  the  Sallx ,  consist  of  sites  3-11,  and  13. 
Sites  1  and  2  had  no  measureabLe  basal  areas  and  did  not  have 
any  values  for  comparison.  Site  12  which  is  approximately 
the  same  age  as  11  and  13 ,  had  essentially  no  Sallx  spp .  left 

in  the  community,  and  therefore  the  similarity  of  trees  was 
more  closely  related  to  the  Populus  community.  The  Populus 
community,  sites  14-39,  were  similar  to  each  other  due  to  the 
dominance  of  Populus  deltoldes  in  the  overstory.  Although 
some  variations  do  exist  between  some  of  the  stands,  they 
clearly  show  a  relationship  between  each  other.  Sites  40, 

41,  and  42  represent  the  Platanus-Ulmus  community.  Site  40 


l 

3 


HSU NON  JitS 


with  its  one  Populus  deltoides  (cottonwood)  cree  remaining, 
shows  a  strong  index  of  similarity  with  the  Populus  community. 
Site  41  with  its  four  old  Sallx  trees  showed  some  relationship 
with  the  Salix  community.  All  three  sites  showed  a  consid¬ 
erable  similarity  with  site  15  which  was  dominated  by  Platanus 
occldentalis  (sycamore).  The  Tilla-Quercus  community  repre¬ 
sented  by  site  43  was  not  closely  related  to  any  other  site 
in  the  tree  union.  The  two  sites,  44  and  45,  located  in  the 
Quercus-Carya  community  had  a  high  index  of  similarity  which 
one  would  expect. 

In  the  shrub  and  herbaceous  unions  (Table  14)  not  many 
clear  differences  in  similarity  occur  as  in  the  tree  unions. 

The  young  Salix  communities,  sites  1-8,  are  somewhat  similar 
to  each  other  but  are  not  related  to  any  of  the  other  sites. 
Although  no  other  clear  breaks  may  be  discerned,  some  other 
interesting  data  are  shown  in  these  coefficients  of  similarity. 
For  example,  sites  6  and  36,  the  two  northernmost  sites  are 
most  closely  related  to  each  other.  Also  the  two  southern¬ 
most  sites  in  the  Populus  community,  sites  24  and  25,  had  their 
highest  index  of  similarity  between  each  other. 

Soils  Characteristics 

The  soils  in  our  study  area  are  similar  to  those  identi¬ 
fied  by  Weaver  (i960).  The  Albaton  series  consists  of  moder¬ 
ately  dark  colored,  poorly  drained  soils  that  formed  from 
alluvium  along  the  river.  These  soils  are  clayey  and  strati¬ 
fied  and  occur  as  broad,  level  areas  at  low  elevation.  The 
available  moisture  capacity  is  medium.  The  soils  descriptions 
provided  by  Worster  et  al.  (1972)  include  terms  like  "medium”. 
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phorus,  and  available  potassium  are  low.  The  surface  layer 

i 

is  neutral  to  moderately  alkaline.  The  rooting  zone  is  deep. 

Most  of  the  edaphic  characteristics  of  the  soils  in  our 
study  area  bear  no  striking  relationship  either  to  successional 
status  of  the  vegetation  or  geographic  location  (Table  15). 

The  mature  floodplain  stands  did  show  a  higher  total  available 
nitrogen  and  organic  matter  content  than  stands  representing 
either  the  Populus  or  Sallx  communities.  Soils  with  a  high 
sand  content  usually  had  a  low  percent  organic  matter  and 
available  nitrogen.  All  soils,  except  for  stand  44,  had  pH 
values  greater  than  7.0. 

Lawrey  et_  al.  (1973)  found  that  soils  of  the  younger 
communities  had  a  higher  sand  content  but  we  did  not  find  this 
to  be  the  case  in  our  study  area.  The  amount  of  sand,  silt, 
and  clay  had  no  apparent  correlation  with  the  age  of  the  com¬ 
munity,  at  least  in  the  younger  stages  of  succession.  Lawrey 
et  al.  (1973)  found  as  we  did,  that  N  and  organic  matter  in¬ 
creased  with  vegetational  succession. 

The  probable  reason  for  the  general  lack  of  relationship 
between  age  of  vegetation  (oldest  stands  excluded,  numbers  42, 
43,  44,  and  45),  and  edaphic  characteristics  is  the  manner  of 
substrate  deposition  and  the  maturity  of  the  soils  themselves. 
Substrate  deposition  along  the  Missouri  River  has  never  been 
uniform  in  terms  of  particle  size  distribution  of  the  mineral 
soil,  rates  of  deposition,  or  origin  of  deposited  material.  All 
the  substrates  have  adequate  supplies  of  certain  nutrients  such 


Cation  exchan ~e  capacity 

Indicates  percent  organic  nrttcr  content  less  tnsn 


as  Ca  and  Mg;  all  have  relatively  high  pH.  Potassium,  nitro¬ 
gen,  phosphor  and  organic  matter  are  quite  variable  except 
In  the  oldest  stands.  Immature  soils  of  alluvium  origin  can 
not.  be  expected  to  show  distinct  correlation:',  with  the  biot  ic 
communities  they  support.  Only  several  hundred  year;;  will  per 
mit  a  more  distinct  correlation.  But  it  is  nonetheless  im¬ 
portant  to  have  documented  edaphic  characteristics  for  the 
purpose  of  our  study  as  well  as  for  future  reference. 
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Appendix  1. 


Scientific  names  and  their  associated  common 
names  of  the  plants  occurring  along  tne 
channelized  portion  of  the  Missouri  hiver 
floodplain  from  Sioux  City,  Iowa,  to  hulo, 
Nebraska. 


TREES 


Scientific  Name 

Acer  neeundc 
Acer  saccharinum 
*Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Fraxinus  pennsylvanica 
Gleditsia  triacanthos 
Gymnocladua  dioica 
Juglens  niera 
Morus  alba 

Platanus  occidentalis 
Populus  deltoides 
Quercus  macrocarpa 
Quercus  rubra 
Salix  amygdaloides 
Salix  eriocephala 
Salix  interior 
Salix  nigra 
Tilia  americana 
ulmus  americana 
Ulmus  rubra 


Common  Name 

Box  Elder 

Silver  Maple 

Shag-Bark  Hickory 

Catalpa 

Hackberry 

Green  Ash 

Honey  Locust 

Kentucky  Coffee-tree 

Black  Walnut 

Mulberry 

Sycamore 

Cottonwood 

Bur  Oak 

Red  Oak 

Peach- leaved  Willow 
Diamond  Willow 
Sandbar  Willow 
Black  Willow 
Basswood 
American  Elm 
Slippery  Elm 


SHRUBS 


Ampelamus  albidus 
Asimina  triloba 
Camps  Is  radicans 
Cerda  canadensis 
Cornua  stolonlfera 
Menispermum  canadense 
Parthenocissus  quinquefolla 
Rhus  glabra 
Rib es  missouriense 
Rubus  occidentalis 
Sambucus  canadensis 
Smllsx  hlspida 
Symphoricarpos  occidentalis 
Toxicodendron  rydbergii 
Vitis  rlparia 
Xanthoxylum  americanum 


Sand  Vine 
Papaw 

Trumpet  Creeper 
Red  Bud 

Red  Osier  Dogwood 
Moonseed 

Virginia  Creeper 
Smooth  Sumac 
Gooseberry 
Black  Raspberry 
Elderberry 
Greenbrier 
Wo If berry 
Poison  Ivy 
Riverbank  Grape 
Prickly  Ash 


